The time to flowering in Arabidopsis is controlled by many genes; recently, progress has been made in the cloning of a number of such genes. One of them, the FCA gene, turns out to encode an RNA binding protein.
One of the most striking characteristics of plants is that, unlike animals, they grow and develop continually throughout their lives. This indefinite growth has a number of consequences, one of which is that organs can periodically develop, function for a time and then be lost. This is perhaps most obviously true of the sexual organs of a plant -its flowers -which determine when the plant will reproduce. In a plant, the transition to flowering reflects the -possibly temporary -change from vegetative to reproductive development. As a result of this developmental switch, the lateral meristems just below the plant's apical meristem become committed to producing flowers, rather than leaves. In the past, the transition to flowering has been studied almost exclusively by plant physiologists. Recently, however, genetic analysis, especially in pea and Arabidopsis [1, 2] , has provided powerful new tools for studying this still relatively poorly understood developmental process, and this approach is beginning to bear fruit with the molecular cloning and characterization of genes that control the timing of flowering.
In the cress Arabidopsis, which has become a favourite model plant for genetic studies, a large number of loci are known to control flowering time. Mutations in such flowering-time genes result in flowering occurring either earlier or later than normal. Most of these mutations cause no, or very few, obvious pleiotropic effects, suggesting that they are specific for flowering [3] . Extensive genetic variation for this process has also been found among natural ecotypes, and allelic variation at loci such as FRIGIDA (FRI) and FLOWERING LOCUS C (FLC) has large effects on flowering time [1] .
Arabidopsis is a facultative long-day plant, which means that, while long days are not essential for flowering, they do cause flowering to occur earlier than it would under short days. Treating imbibed seeds or young plants with low temperatures -a treatment known as vernalisation -also promotes early flowering in most genotypes. The analysis of the various late-flowering mutants for their responsiveness to these environmental factors indicated that they could be subdivided in two main groups [3] . Some mutants -such as those affected in the CON-STANS (CO) gene -are hardly affected by these environmental factors, whereas others -such as those affected in the LUMINIDEPENDENS (LD) or FLOWERING CA (FCA) genes -respond strongly to both treatments, flowering very late in short days, and early after a vernalisation treatment. On the basis of this classification, and supported by the analysis of double mutants, it was inferred that the affected genes are involved in two distinct pathways that control flowering [4] .
The first group of genes defines the 'long-day promotion' pathway, which promotes flowering specifically in response to long days. The second group defines what has been called the 'autonomous' pathway; when genes in this pathway are mutated, flowering becomes more dependent than normal on the flowering-promoting environmental factors described above. The endogenous factors involved in the autonomous pathway are unknown, although it has been suggested that the plant hormone gibberellin is involved [4] . As flowering is not abolished even in double mutants affected in both pathways, it is believed that most flowering-time genes modify the transition to flowering but none of them is essential for this process. Most likely, they modify the activity of repressors of flowering encoded by genes such as EMBRYONIC FLOWERING (EMF), mutations of which lead to extreme early flowering [5] .
In the past few years, a number the genes that, from their mutant phenotype, are involved in controlling the transition to flowering in Arabidopsis have been cloned. The CONSTANS (CO) gene was isolated by Coupland and colleagues [6] , on the basis of its genetic map position, and shown to encode a protein with similarities to GATA-1 type transcription factors. The co mutant flowers later than wild type under long days, but at the same time as wild type plants under short days. The CO gene therefore accelerates flowering under long days, and in agreement with this, it is expressed at a higher level under these conditions. The LUMINIDEPENDENS (LD) gene was isolated by Amasino and colleagues [7] by insertional mutagenesis with Agrobacterium T-DNA, and was the first flowering-time gene to be cloned. Sequencing showed that the LD gene, which as mentioned above lies on the autonomous pathway, encodes a glutamine-rich nuclear protein containing a possible homeodomain.
Recently another gene on the autonomous pathway, FCA, has been cloned by Dean and colleagues [8] . In fca mutant plants, flowering is delayed by two to three weeks, depending on the mutant allele and growing conditions [3] (Figure 1 ). The FCA gene has a number of very interesting properties. It is a large gene, covering 8.1 kilobases of genomic DNA, and has 21 exons. The FCA gene product is a 747 residue protein that has two RNA recognition motifs and a 'WW' protein-protein interaction domain. The RNA recognition motifs in FCA are most similar to those in proteins encoded by two well characterised Drosophila genes, the neuronl differentiation gene, ELAV, and the sex determination gene, SX-1.
Perhaps the most intriguing property of FCA is that its RNA transcript is alternatively spliced. Macknight et al. [8] identified four different FCA transcripts, of which only one, representing only one third of the FCA mRNA population, encodes the full-length protein. The most abundant transcript is a short RNA formed by cleavage and polyadenylation within intron 3. By studying flowering time in plants transformed with the different cDNA sequences, and by sequence analysis of the extreme fca-1 mutant, it was concluded that this short transcript has no effect on flowering time, for which the WW domain, only present in the protein encoded by the full-length transcript, is essential. Splicing to generate the mRNA encoding the full-length protein may require factors that are limiting in non-inductive conditions. So far, no information is available on the regulation or localisation of the proteins encoded by the various FCA transcripts. It is likely that the targets of FCA and the other flowering-time genes are the meristem identity genes. These genes, such the Arabidopsis TERMINAL FLOWER (TFL), LEAFY (LFY) and APETALA1 (AP1) genes, are required for the development of inflorescences and flowers [2] . Elegant studies, in which the CO function was regulated by the ligand-binding domain of the rat glucocorticoid receptor, have shown that LFY and TFL expression increased within 24 hours of CO activation [9] . Furthermore, constitutive LFY expression leads to early flowering [10] . These findings indicate that meristemidentity genes might be the targets of at least some of the flowering-time genes.
The transition to flowering sets in motion a dramatic change of the fate of the lateral meristems. The exciting challenge of elucidating the machinery that triggers this developmental transition should keep plant biologists busy in years to come. And, if that is not enough, there is the further problem of working out how machinery that triggers flowering interfaces with other developmental processes, such as photomorphogenesis, circadian rhythms, plant hormones and systemic flower-inducing factors, such as the as-yet unidentified but venerable flowering hormone known as florigen.
